Performance measurement is important in the comparison among enterprises. These comparisons provide the opportunity to compare strong and weak aspects of enterprises with each other that have same work structure producing similar products. Through the comparisons, enterprise aims to make its performance better by taking the best, good or average performing enterprises operating in its field as references to itself. In this study, information technology (IT) companies in Turkey are taken into consideration for effectiveness and performance measurement at the end of multiple time periods. To do this, we developed an alternative dynamic slack based model (DSBM) based on the slack based model (SBM) proposed by Tone (2001) and the dynamic data envelopment analysis (DEA) model proposed by Lotfi and Poursakhi (2012) . The paper suggests that the alternative DSBM captures efficiency better than SBM.
Introduction
In order to reach its goals, each economic unit transforms the resources provided from its external environment to outcomes in terms of goods and services by using a specific production technology. Productivity can be defined as the relationship between the outcome produced by a production or service system and the income used in order to obtain this outcome, whereas performance can be defined as the level of success an enterprise showed in a specific time period (Kaya & Ünal, 2010) . Performance measurement is important in the comparison among enterprises. These comparisons provide the opportunity to compare strong and weak aspects of enterprises with each other that have same work structure producing similar products. Through the comparisons, enterprise aims to make its performance better by taking the best, good or average performing enterprises operating in its field as references to itself. In this study, information technology (IT) companies are taken into consideration for effectiveness and performance measurement.
Information technologies are the entire computer and communication technologies that collect, process, produce, store information, transfer it one place to another through the networks and put into service of users (Kılıç, 2005) . Since the beginning of 1990s until today a rapid improvement has occurred in IT. This improvement resulted as productivity in production processes, contribution in competitive power and development in the economic field. Due to these reasons, industrial sectors based on information rapidly grow and their share in world trade constantly increases. This as well shows that information sector has a strategic importance. It is stated that in European Union countries, one fourth of GNP increase and 40% of productivity is related with information technologies (Turkey Republic Ministry Development [TRMP], 2007) . In Turkey it is estimated that market share of information technologies is 3 billion US dollars. This market includes 68% hardware, 19% service and 13% software (TRMP, 2007) . Now, information technologies have a place in development and GNP increase as important as energy (Kılıç, 2005) . For this reason, in this study 16 information technology companies in Istanbul Stock Exchange (ISE) are taken into consideration for effectiveness and performance measurement at the end of multiple time periods.
In production environments that include a wide range of incomes and outcomes, a nonparametric method, data envelopment analysis (DEA), is used to measure productivity. In the literature, the term DEA was first used by the CCR model in 1978 (Cooper et al., 2007) . The CCR model aims to assign weights to incomes and outcomes, completing the production of the analyzed units through linear programming, and estimates a limit consisting of the units that show the best performance in the observation cluster. When the observed decision units do not produce on an optimal scale, which means, in the case of profits varying according to the scale, the CCR model falls behind in the technical effectiveness measurement because the model cannot measure scale effectiveness due to the model's structure. Banker, Charnes, and Cooper developed a model in 1984 (the BCC model) to measure technical effectiveness under the assumption that profit varies according to a scale, by separating technical effectiveness into its components, scale effectiveness and pure technical effectiveness. The model showed that technical effectiveness is equal to the multiplication of these two components (Cooper et al., 2007) . Since 1978, many DEA models have been developed. One is the slack-based model (SBM). This model deals directly with the input excesses and the output shortfalls of Decision Making Units (DMUs). Furthermore, it is reference-set dependent; that is, the measure is determined only by its reference-set and is not affected by statistics over the entire data set. Tone (2001) demonstrated with at numerical example that the SBM is compatible with other measures and has potential applicability for practical purpose. However, the SBM measures the effectiveness of DMUs during a single period. To measure the change efficiency of DMUs at the end of multiple time periods dynamic DEA models have been proposed at different times (Sengupta, 1996; Tone & Tsutsui, 2010; Tone, 2001) . Dynamic DEA models are the relation between inputs and outputs in dynamic production. For example, A dynamic DEA model was developed by Lotfi and Poursakhi (2012) .
In this study, taking Tone's (2001) SBM and Lotfi and Poursakhi's (2012) dynamic DEA model in to account, we developed an alternative dynamic slack-based model (DSBM). In practice, the data of 16 IT companies on the Istanbul Stock Exchange (ISE) in Turkey during the 2011-2012 period were used. Using input-output variables determined from the literature the DSBM effectiveness of the IT companies was measured. Company efficiency was measured fort he end of the period 2011-2012, with the static SBM separately for each year, and then the DSBM. The static and dynamic model results were compared.
The rest of this paper is organized as follows. In the second section, a literature review is discussed. In the third section, we develop a model for assessing dynamic SBM efficiency, input excesses, and the output shortfalls of IT in Turkey. In the fourth section, we explain the application of the model and discuss the result of the model. In the last section, we have interpreted our results and provide information about suggested further studies.
Literature Review
In the literature, many studies have used data envelopment analysis (DEA) and ISE data to measure company activities in various sectors. A literature summary including the DEA studies conducted between 2004 and 2012 for several business companies is shown in Table 1 . Vol. 6, No. 3; 2014 presented in which the time-dependent effects of undesirable inputs and outputs were considered and time-dependent effects were formulated via time-dependent parameters.
An Alternative Dynamic Slack-Based Model
Radial and non-radial are two types of efficiency measurements. The CCR and BCC models present radial efficiency measurements. The slack-based measure of efficiency (SBM) is a non-radial measure of efficiency. The non-radial approach SBM deals with slack directly, but neglects the radial characteristics of inputs and/or outputs. Thus, the SBM measure reflects not only the weak efficiency values in CCR-efficiency but also the other (slack) inefficiencies (Cooper et al., 2007 SBM by Tone (2001) is given below. In model, the production possibility set P is defined as
where is a nonnegative vector in . In SBM is considered an expression for describing a certain DMUs , as, ,
.
They are dealt with n DMUs with the input and output matrices ∈ and ∈ , respectively. They are assumed that the data set is positive, i.e. 0 and 0. The vectors ∈ and ∈ indicate the input excess and output shortfall of this expression, respectively, and are called slacks.
From the conditions 0 and 0, it holds . SBM is as follows (Tone, 2001 ).
[SBM]
Here, it holds 0 1. 
The DMU , can be improved and become efficient by deleting the input excess and augmenting the output shortfall as follows:
In some cases (such as financial ratios), negative outputs may be encountered. As in many DEA models, it is important to overcome of the negative outputs in evaluating the efficiency of SBMs. However, measuring the effectiveness in data sets containing negative data requires arrangements. Thus, a new scheme was introduced in the DEA-Solver-Pro 4.1 Manual, used by Düzakın and Düzakın (2007) . The dynamic version of this scheme is as follows.
Let us suppose 0. It is defined and by
,…,
If the output r has no positive elements, then it is defined as 1. The term is only replaced ⁄ in the objective function in the following way. The value is changed in the constrains.
If
, the term is replaced by
If the term is replaced by (11) where B is a large positive number, (in DEASolver B = 100). The score obtained is units invariant, i.e., it is independent of the units of measurement used. On the other hand, this company should increase its outcomes, 0,02 unit for its Net Profit Margin; 0,06 unit for its Return on Equity and for its Total Return on Assets. Sinilarly, it is commented on the other ineffective companies. For 2011, our general assessment is that to be effective from a financial perspective, Turkey; IT companies should decrease the amount of inputs in order of importance as follows: Total Debt/Equity Capital, Current Ratio, Acid-Test Ratio, Total Debt/Total Assets, Short Term Debt/Total assets, Equities/Total Assets, Long Term Debt/Total Assets. According to this ranking in 2011, excessive Total Dept/Equity Capital represents a major challenge to a company's effectiveness. In terms of output variables, following outputs, in order of importance, should be increased: Return on Equity, Return on Total Assets, Net Profit Margin. According to these results, to increase effectiveness, a company should focus on increasing the return on equity of their outputs. In 2012, this importance ranking varied. According to the results for 2012, the input variables should be reduced in the following order: Current Ratio's excess, Acid-Test Ratio's excess, Total Debt/Equity Capital's excess, Total Debt/Total Assets's excess, Equities/Total Assets's excess, Short Term Debt/Total Assets's excess, Long Term Debt/Total Assets's excess. That is, according to the period, the ranking of the variables that determine effectiveness has changed. Therefore, examining a single period to measure firms' effectiveness can be misleading. Companies that are inefficient in 2011 and efficient in 2012 (companies #1, #3, #10, #16) as is shown in Table 2 . If you want to make a comment for whole period by taking the arithmetic average of 2011-2012 effectiveness for these companies it will be said that these companies are not effective. But these companies are considered by the alternative DSBM model as efficient for the entire period 2011-2012. Similar comment can be made for #6, #11, #12 companies too. Namely companies that are efficient in 2011 and inefficient in 2012 (companies #6, #11, #12) are considered by the alternative DSBM model as efficient for the entire period 2011-2012.
Application
In this study, we developed an alternative DSBM and analyzed company effectiveness in 2011-2012. Table 3 shows the results of the alternative DSBM. The variable definitions in Table 3 are the same as in Table 2 , but the superscript represents 1: in 2011 and 2: in 2012. According to the results, 12 out of 16 companies were efficient the end of the 2011-2012 period. According to Table 3 , to be effective in 2011, the first input variables Total Debt/Equity Capital should be decreased, and the required output variable Return on Equity should be increased. In addition, in 2012, to be effective the first input variable the Current Ratio should be decreased and the required output variable Net Profit Margin's should be increased. These ranking is defined according to the results in Table 2 . For example for Current Ratio's excess ( ) variable all companies values in Table 2 were collected. The found values are listed from biggest to smallest. Similarly, the same procedure was performed for other variables. Thus the order of importance of variables is determined. Order of importance of these variables is determined as in alternative DSBM like that. Determined this ranking is relative. Ranking results may vary if the dealt sector and variables's numbers and qualification change.
www.ccsenet.org/res Vol. 6, No. 3; 2014 According to these results, the importance of the company during a specific period changed, according to the input-output variables. The results for the effectiveness of the SBM and the alternative SBM are given in Table 4 . According to this ranking, the number of effectiveness companies is increased. Because the model is dynamic. Table 4 were found by using Model 4. Each period is evaluated within itself with Model 4. The alternative DSBM model that we have developed with company effectiveness are found by taking into consideration all periods. When periods taken independently one from another, in order to measure the arithmetic effectivenesss at the end of the period the arithmetic average of the efficiency values that measured each period can be taken. (Emrouznejad, 2003; Tone & Tsutsui, 2010 In addition, in order to make inefficient firms effective the receivable reference firms are given (reference set) in Table 3 and Table 4 . In both models, the most indicated referenced firms are 7 # and 14 # respectively. According to these results with reference to these companies preventing the companies to take measures to eliminate inefficiencies for 2012 and forthcoming years.
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Conclusion and Future Research
The purpose of this paper was to develop an alternative dynamic SBM (alternative DSBM). The alternative DSBM measures the efficiency of entire periods.The model provides input excess and output shortfalls for the DMUs in each period. The model closely follows the SBM introduced by Tone (2001) and the dynamic DEA developed by Lotfi and Poursakhi (2012) (Table 4) . Also with improved the alternative DSBM model both effectiveness of companies can be measured and knowledge related with reformation in input-output variable values can be obtained. The discussion on this topic was made in section 4. According to the results ineffective (2 #, 8 #, 9 #, 15 #) firms in 2011, the first input variables Total Debt/Equity Capital should be decreased, and the required output variable Return on Equity should be increased. In addition, in 2012, to be effective the first input variable the Current Ratio should be decreased and the required output variable Net Profit Margin's should be increased. Further research can improve the model. In future studies, in addition to the financial criteria, by giving a place to non-financial criteria (company's reputation, customer satisfaction, employee loyalty, public opinion, brand value etc.), quantitative and qualitative factors can be included in the problem. Since these criteria involve subjective judgments fuzzy dynamic DEA methods can be used.
